Abstract Community-acquired pneumonia continues to be an important complication of HIV infection. Rates of pneumonia decrease with the use of antiretroviral therapy but continue to be higher than in HIV uninfected individuals. Risk factors for pneumonia include low blood CD4+ count, unsuppressed plasma HIV load, smoking, injection drug use and renal impairment. Immunization against Streptococcus pneumoniae and smoking cessation can reduce this risk. It is unclear whether newly reported viral respiratory pathogens (such as the Middle East respiratory syndrome coronavirus, will be more of a problem in HIV-infected individuals than the general population.
Introduction
Community-acquired pneumonia (CAP) remains an important cause of morbidity and mortality in HIV-positive individuals [1] . Although the incidence has decreased with the use of antiretroviral therapy (ART), rates continue to be elevated compared to HIV-uninfected individuals in both developing and developed societies [2] . The clinical presentation, range of typical pathogens and outcomes of CAP are similar to those without HIV infection, but important differential diagnoses and implications for future health merit particular attention in HIV-infected individuals [3] .
This review considers the evidence concerning CAP in HIV-infected individuals, with particular emphasis on studies reported in the last year. We consider the role of bacterial and viral causes of pneumonia and other conditions that can mimic pneumonia. The management of hospital-acquired pneumonia and infections caused by opportunistic pathogens such as Pneumocystis jirovecii, CMV, fungal and mycobacterial organisms are covered elsewhere and are not discussed here, beyond stressing that they can all present as an acute pneumonic illness, and hence will often need to be considered as part of the differential diagnosis.
Epidemiology
Prior to the development of effective ART, respiratory tract infection was the most common complication of HIV infection [1] . The advent of ART has been associated with a substantial decline in the rates of opportunistic infections and as the frequency of pulmonary infections such as P. jirovecii pneumonia have fallen, bacterial pneumonias have become increasingly prominent in the care of HIV-infected people [4•, 5•] . Although there has been debate as to the increased rate of pneumonia in HIV-infected persons following ART, recent data from several large observational cohorts have significantly increased our current knowledge on this subject.
The patient cohorts in the Multicentre AIDS Cohort Study (MACS) and the Womens Interagency HIV Study (WIHS) have been followed since 1984 and 1994, respectively, and allow analysis of rates of pneumonia in the ART era. In the MACS cohort the adjusted odds ratio for bacterial pneumonia compared with HIV-uninfected individuals has declined from 21.8 in the pre-ART period to 4.14 following the introduction of ART [6••] . The WIHS cohort of HIV-infected women have also shown an elevated incidence of pneumonia despite ART use with an adjusted odds ratio of 9.55 compared with HIV-uninfected controls. Similarly, in the Veterans Aging Cohort Study (which involved a virtual cohort of 33,420 HIV-infected individuals using data from the US National VA Health Information System from the date of HIV diagnosis until 2007) a rate of 28 per 1,000 person-years was found in HIV-infected individuals compared with 5.8 per 1,000 person-years in HIVnegative controls [7••] . A lower incidence has been seen in the EuroSIDA study of more than 18,000 patients in 34 countries studied between 2006 and 2011, in which an incidence of pneumonia of 5.36/1000 person-years was found [8••] . This may reflect the better immune status of participants in the latter era, who had a mean blood CD4+ count of 457 cells/μL, as very low levels of severe bacterial infections were demonstrated in the EuroSIDA study in those with CD4 counts above 500 cells/μL (a level generally regarded as near normal).
Studies in populations other than in Europe and the US have confirmed the importance of bacterial pneumonia in HIV-infected individuals, with recent work in Taiwan showing this to be the most common respiratory complication of HIV infection in those with CD4 counts above 200 cells/μL [9] . However, the general improvement in incidence rates has not been found in all populations, as surveillance data from Soweto, South Africa, indicate persisting high rates of invasive pneumococcal disease, with no decrease since the introduction of ART [10] . This may be due to the high levels of immunocompromise in this population despite the availability of ART, although an increase in invasive pneumococcal disease was found amongst women in that study, suggesting that general uptake of the childhood pneumococcal conjugate vaccination (PCV; which now forms part of the childhood immunization schedule in South Africa) may be particularly effective at reducing rates of invasive pneumococcal disease amongst HIV-infected adults in this community.
Risk Factors for CAP
Specific risk factors for CAP can be identified in the cohorts studied. Most have studies have shown that pneumonia is more common in HIV-infected people at any level of immunosuppression, and rates of pneumonia increase with increasing immunosuppression [8••] . Cigarette smoking is consistently reported to increase the risk of pneumonia, with a hazard ratio of 0.48 in former smokers compared to current smokers in a cohort study from France [11•] . Injecting drug use increases the risk of pneumonia, and although this may be due to confounding diseases, poor adherence to ART or socioeconomic factors, some recent evidence suggests that direct effects of opiates or their withdrawal may play a role [12] .
Ethnic differences in pneumonia rates, which may be reflective of socioeconomic factors, have been found in some cohorts: rates of pneumonia in African-Americans in California are significantly higher than in other ethnic groups [13] , Aboriginal ethnicity is a risk factor for invasive pneumococcal disease in Canada [14••] , and Asian ethnicity was associated with reduced risk in the Evaluation of Subcutaneous Interleukin-2 (ESPRIT) trial [15] . Being a care-giver to young children (who have high rates of pneumococcal carriage) may predispose to invasive pneumococcal disease, and a recent study from South Africa confirms significant child-to-mother transmission of pneumococcal strains [16•] . The EuroSIDA study showed that a reduced estimated glomerular filtration rate (eGFR) is a significant risk factor for severe bacterial infections including pneumonia, with an incidence rate ratio of 5.07 for those with eGFR <60 ml/min/ ART is an important protective factor against pneumonia. Several cohorts have demonstrated that suppressed HIV loads are associated with a lower incidence of pneumonia, most recently the ICONA study in Italy, which showed an overall incidence of 5.66 per 1,000 person-years with increased risk in people with low nadir CD4+ count, low current CD4 count or high viral load [17•] . This trial followed 4,942 individuals for a median of 63.7 months between 1996 and 2011; 15 % had an AIDS diagnosis prior to ART initiation and 46 % had a nadir CD4 count below 200 cells/μL. A low nadir CD4 count was associated with a hazard ratio for an episode of bacterial pneumonia of 0.86 (per 100 cells/μL higher). Low current blood CD4 was associated with a hazard ratio of 0.88 (per 100 cells/μL higher) and an unsuppressed plasma viral load was associated with a hazard ratio of 1.29.
The Strategies for Management of Antiretroviral Therapy (SMART) trial demonstrated reductions in the incidence of pneumonia in those on continuous compared to those on intermittent ART, as well as a lower incidence in those with an undetectable plasma HIV load [18•] . In this trial (which recruited patients with a CD4 count of >350 cells/μL between 2002 and 2006) intermittent rather than continuous ART was associated with a 1.55-fold increase in pneumonia incidence. This finding is of particular importance as the randomized trial methodology of intermittent versus continuous ART allows confidence that the observed differences in pneumonia incidence are the result of ART rather than unmeasured confounding factors. The ESPRIT trial (which evaluated the effect of subcutaneous IL-2 in HIV-infected patients on or starting ART with a CD4 count >300 cells/μL) also found that a higher HIV plasma viral load was associated with increased risk of pneumonia with a (hazard ratio for a 1 log 10 higher viral load of 1.28) [15] .
A reduction in pneumonia incidence has also been reported in HIV-infected children in the US, this has been attributed to the use of ART and pneumococcal vaccination. An observational cohort study of 736 HIV-infected children observed between 2000 and 2005 showed lower CD4 counts in those with pneumonia than in those without pneumonia (668 cells/ μL, or 23 %. In a multivariate analysis a HIV viral load of >100,000 copies/ml was associated with a hazard ratio for pneumonia of 3.98 [19] .
Work in HIV-uninfected populations suggests that the use of statins (HMG coenzyme A reductase inhibitors) may reduce pneumonia-related mortality, possibly by attenuating the associated inflammatory response [20] . However, a recent study in The Netherlands using population-based data found there to be neither a reduction in the frequency of pneumonia nor a worse outcome, when it did occur, in HIV-infected individuals taking regular statin therapy [21] .
HIV Testing in Patients with CAP
It should be remembered that the higher incidence of pneumonia in HIV-infected individuals means that presentation with CAP should prompt consideration of HIV testing in patients not known to be HIV-infected. It is estimated that around 24 % of the HIV-infected population in the UK and 18 % of the HIV-infected population in the US are unaware of their serostatus [22, 23] . Surveys from sub-Saharan Africa undertaken by USAID have shown that in many countries the majority of HIV-infected individuals do not know their serostatus [24] . Bacterial pneumonia should be regarded as an indicator condition that must prompt discussion of HIV testing. British HIV Association guidelines recommend that all patients admitted with bacterial pneumonia should be offered an HIV test, and analysis of primary care data confirms that bacterial pneumonia is one of the strongest indicator conditions for HIV infection [25••] . Invasive pneumococcal disease is particularly strongly associated with HIV infection, with recent UK population-based data showing that 2.4 % of patients with invasive pneumococcal disease have undiagnosed HIV infection [26••] .
Pathogenesis
Recent studies have contributed to our understanding of the pathogenesis of pneumonia in HIV-infected individuals. Although depletion of the CD4+ T cell is the hallmark of HIV infection, it is recognized that impairment of innate immune responses plays an important role in the increased susceptibility to pneumonia [27] .
Reduced CD4+ T-cell responses to respiratory antigens have been demonstrated in bronchoalveolar CD4+ cells when compared with those in HIV-uninfected controls, and a disruption in the T-cell response to pneumococcus appears to precede CD4+ T-cell depletion [28, 29•] . HIV causes chronic activation of dendritic cells of the innate immune system, triggering immune dysregulation and apoptosis of CD4+ and CD8+ T cells [30, 31] . Impairment of CD8+ T-cell responses may also be important, as CD8 levels have been found to be predictive of pneumonia in the HIV Epidemiologic Research Study (HERS) of HIV-infected women in the US after adjustment for age, CD4+ cell count, viral load and antiretroviral use [32•] .
Impairment of immune responses within the lung of HIVinfected individuals results in changes to the oral and airway microbiota with increased numbers and diversity of microorganisms, including potentially pathogenic species found in HIV-infected patients with pneumonia compared to HIVnegative controls [33] . HIV-infected individuals appear to be particularly susceptible to pneumococcal disease [34] . Rates of carriage of Streptococcus pneumoniae were found to be higher in HIV-infected individuals in a prospective cohort of HIV-infected and HIV-uninfected mothers in Zambia, although it should be noted that the CD4 counts in these subjects were not known [35] . Smoking appears to increase rates of pneumococcal carriage [36] as does a lower nadir CD4 count and an AIDS diagnoses [37] . There may be an interaction between respiratory viral pathogens and rates of invasive pneumococcal disease, as influenza infection has been reported to be associated with increased blood pneumococcal load [38] .
Respiratory Viruses in HIV-Infected individuals
Viral pathogens are responsible for a large proportion of respiratory tract infections in HIV-infected individuals, although there are limited data available on the role of viral pathogens. A prospective study in Montreal found that among 50 HIV-positive patients with fever and symptoms consistent with respiratory tract infection, viruses accounted for 64 % of these illnesses [39••] . In this study, 90 % of patients were on ART and had a median CD4+ T cell count of 325 cells/μL, and a median viral load of <50 copies/mL. Influenza was the most important viral cause of respiratory tract infections with 22 of 34 identified viral infections due to influenza, with equal numbers of influenza A and B. Other viruses isolated were human metapneumovirus types A and B, respiratory syncytial virus, parainfluenza types 2 and 3 and coronavirus. These pathogens also cause respiratory tract infections in HIVuninfected individuals, and it is not known if the incidence or severity of these infections is different in HIV-infected individuals, although respiratory syncytial virus has been reported to be a cause of severe CAP in HIV-positive individuals [40, 41] .
Although it is often suggested that HIV-infected individuals may be more susceptible to viral respiratory tract infections, or suffer more severe disease associated with viral pathogens, the evidence to support this is mixed. Studies prior to the availability of ART suggested that HIV-infected individuals have more severe disease due to influenza infection [42] . Cohen et al. have reported an excess mortality amongst HIV-infected persons during influenza epidemic periods in South Africa and the US, with reductions in this excess mortality since the widespread use of ART in the US [43] . However, it is not clear if this excess mortality arises directly from influenza infection -for example, an observational study in Barcelona found no difference in the severity of influenza in patients with and without HIV infection admitted with influenza H 1 N 1 [44] . The excess deaths in influenza epidemic periods found by Cohen et al. may instead be the result of other conditions which are more prevalent at these times, including pneumococcal pneumonia. In general, data from the H 1 N 1 pandemic of 2009 do not support the suggestion that HIV-infected individuals experience more severe disease [45, 46] . Emerging respiratory pathogens such as the Middle East respiratory syndrome coronavirus (MERS CoV) may pose a threat to everybody. No data are yet available on the relative susceptibility of HIVinfected individuals to this condition [47] .
It is possible that antiretroviral medication may modify the presentation of influenza infection as protease inhibitors have been shown to block influenza viral replication, although the clinical impact of this observation remains unclear [48] .
Management of CAP in HIV-Infected Individuals
HIV-infected individuals with pneumonia present with typical clinical features of an acute illness characterized by fever, pleuritic chest pain, breathlessness and hypoxaemia [2] . The use of established severity scores has been found to be valid in HIV infection, with the Pneumonia Severity Index (PSI) being the best-studied scoring system to assess severity and predict the likelihood of mortality, as confirmed by a recent study from California [49] .
Although the management of CAP in HIV-infected persons is specifically excluded from pneumonia guidelines from the US and Europe [50] [51] [52] . treatment should follow similar principles to those in patients without HIV infection. Patients with high CURB-65 or PSI scores have a significant risk of death and should be managed in critical care areas where possible. Typical bacterial pathogens are similar to those in HIV-negative populations, with S. pneumoniae consistently found to be the most common pathogen. Other significant pathogens include Haemophilus influenza, Klebsiella pneumoniae, Staphylococcus aureus, Moraxella catarrhalis and Pseudomonas aeruginosa [3] . "Atypical" organisms such as Legionella pneumophila, Mycoplasma spp. and Chlamydia pneumoniae represent less than 5 % of cases, although the incidence of these infections in HIV-infected people has not been systematically evaluated. It should be remembered that opportunistic pathogens such as P. jirovecii and Cryptococcus neoformans can present with acute pneumonic illnesses and these should be considered in the differential diagnosis of pneumonia in immunocompromised individuals. The incidence of Mycobacterium tuberculosis infection is greatly increased in HIV-infected individuals and can present with clinical and radiological features identical to those of bacterial pneumonias (Fig. 1) .
The choice of empirical antibiotic treatment will differ between populations depending on local antibacterial drug resistance. In 2011, rates of penicillin resistance in S. pneumoniae in Europe ranged from <1 % to 61 % [53] . Some data suggest that antibiotic resistance in respiratory pathogens may be higher in HIV-infected individuals, a finding that may be related to the use of cotrimoxazole for Pneumocystis pneumonia prophylaxis, or to differences in serotypes infecting HIV-positive individuals [54, 55] . 
Outcomes
Mortality rates in CAP differ among published series, but most fall in the range 10-15 % of cases [3] . Although this has been the subject of some controversy, mortality and length of hospital stay in HIV-infected persons with pneumonia do not seem to differ from those in patients without HIV infection [56] . It should be noted that most data arise from the US and Europe, and may not be applicable to resource-limited settings. Recent studies have added to the evidence that blood CD4 counts do not predict mortality and should not be used to guide therapy or decisions regarding admission to intensive care units [57••] .
Changes in the demographic composition of HIV-infected populations may lead to changes in outcome as HIV-positive populations age. For example, information derived from hospital claims databases in the US suggest a higher case fatality rate for pneumonia and influenza in HIV-infected elderly individuals compared to those without HIV infection [58••] .
Prevention and Immunization
Pneumonia is an important cause of morbidity and mortality in HIV-infected persons and several interventions can reduce this risk. In particular smoking cessation and immunization against pneumococcus and influenza offer the opportunity to modify a patient's risk of pneumonia.
Smoking Cessation
HIV-infected populations continue to have high rates of exposure to cigarette smoke [59] [60] [61] . Rates of pneumonia are higher in smokers than nonsmokers, and smoking cessation can reduce this [62••] . A recent systematic review of the literature by De et al. found that current smokers have an increased risk of bacterial pneumonia compared to nonsmokers (hazard ratio 1.73, 95 % confidence interval 1.44 -2.06) and that this risk is reduced by smoking cessation. In a prospective study in France, a hazard ratio of 0.48 was found in former smokers compared to current smokers (p=0.02) [11•] . The use of medication as an adjunct to smoking cessation has been extensively investigated in HIV-uninfected smokers, but there are few data from HIV-infected people. A small study of the safety and tolerability of varenicline tartrate in 36 HIV-positive individuals found a high frequency of adverse events, most commonly nausea, but excellent quit rates with a 42 % abstinence rate at 12 weeks. There were no adverse changes in HIV viral loads detected [63] .
Pneumococcal Immunization
Given the high incidence of invasive pneumococcal disease in HIV-infected persons, and the efficacy of pneumococcal vaccination in other at-risk groups, there has been considerable interest in immunization against pneumococcus. Two forms of pneumococcal vaccination, the 23-valent pneumococcal polysaccharide vaccine (PPV-23) and PCV have been developed. PPV-23 has been studied in one randomized trial and 15 observational studies, which are the subject of a recent systematic review [64••] . This concluded that the current evidence base lends only moderate support for the efficacy of the PPV immunization. The only randomized trial was carried out in Africa in a population without widespread access to ART and with a high mortality rate, and found an increased rate of pneumonia in the immunized group. However, these results may not be applicable to a population with access to ART and lower background rates of pneumococcal pneumonia, and most observational studies have shown that PPV-23 immunization is associated with a reduced rate of pneumococcal disease, although in many studies confounding factors that could have influenced this observation were not completely accounted for.
PPV-23 suffers from relatively poor immunogenicity, particularly in those with low CD4 counts, and one study of 103 HIV-infected individuals found that antibody responses declined to pre-immunization levels after 12 months [65] . In an observational cohort study in Canada, 74 % of pneumococcal serotypes isolated were from PPV-23, despite the fact that 73 % of this population had received this immunization, and vaccine failure was associated with low CD4 counts [14••] . PCV has theoretical advantages in that it induces T celldependent immune responses and has been demonstrated to be immunogenic in HIV-infected adults in several studies [66] . These have recently been reviewed by Nunes and Madhi who concluded that PCV is effective at reducing rates of invasive pneumococcal disease, and produces more effective and durable antibody responses in individuals on ART than in those who are ART-naive [67] . It should be noted that immune responses to pneumococcal vaccination are significantly better in those with a higher CD4 count [68] .
Apart from the possible direct benefits of pneumococcal immunization, vaccination of young children with PCV-7 (which offers protection against seven common serotypes) has been associated with indirect benefits in HIV-infected individuals. In the US, widespread use of the PCV-7 as part of the childhood immunization schedule has been associated with a 91 % reduction in invasive pneumococcal disease caused by vaccine serotypes in HIV-infected adults. These changes in pneumococcal epidemiology following routine childhood immunization have also been observed in other populations, with an 81 % reduction in invasive pneumococcal disease caused by vaccine serotypes in Spain [69] . However, this study also noted an increase in severity and need for mechanical ventilation for pneumococcal pneumonia. Work in South Africa has also demonstrated reduced levels of pneumococcal carriage following the introduction of childhood PCV, including reductions amongst unvaccinated adults. There appeared to be reductions in nonvaccine pneumococcal serotypes which were not restricted to HIV-infected individuals [70] . Analysis of data from England and Wales since the introduction of childhood PCV-7 immunization suggests that there has been a 54 % reduction in invasive pneumococcal disease caused by the serotypes targeted by the vaccine [26••] . This study found that 61 % of invasive pneumococcal disease in HIV-infected patients was caused by the 13 serotypes that would be covered by the new 13-valent PCV (PCV-13).
At present, guidelines from the British HIVassociation (2008) recommend pneumococcal polysaccharide vaccination in HIVinfected individuals with a CD4 count above 200 cells/μL whilst stating that this should be considered in individuals with lower CD4 counts and noting that efficacy may be poorer in those with low CD4 counts who are not on ART [71] . The Infectious Disease Society of America recommends the combination of PCV-13 and pneumococcal polysaccharide (PPV-23) immunizations with one dose of PCV-13 followed by PPV-23 after 8 weeks, although they suggest that this may be delayed until blood CD4 counts are above 200 cells/μL, when on ART [72] .
A health-economic analysis by Rozenbaum et al. concluded that the addition of PCV-13 for HIV-infected adults in England would not be cost effective [73•] . Smith et al. have explored the current recommendations in the US and conclude that a single dose of PCV may be more cost-effective than the current dual immunization strategy, whilst Cho et al. have report that the current recommendations would still be cost-saving [74, 75] . It should be noted that these studies of cost-effectiveness are very sensitive to the assumptions made regarding vaccine effectiveness. However, these estimates of the cost-effectiveness of pneumococcal immunization are limited by the poor uptake of the pneumococcal immunization amongst HIV-positive adults which appears to be below that of other immunizations [76] .
Influenza Immunization
Clinical guidelines in the US and UK advise immunization of HIV-infected individuals with the influenza vaccine. A metaanalysis by Beck et al. of published studies suggests that influenza vaccination is effective at reducing the incidence of influenza and is well tolerated [77] . It should be noted that respiratory comorbidities such as COPD are common in HIVinfected individuals and immunization of these individuals against influenza may be particularly important. Recent work suggests that the immunogenicity of influenza immunization in HIV-infected persons may be improved by high-dose (four times the standard trivalent dose) vaccination [78] . Whilst the increased dose was well tolerated, it was not clear whether the enhanced antibody response translates into better clinical, cost-effective protection.
Conclusions
CAP is a major cause of morbidity and mortality amongst HIV-infected individuals. Although a wealth of evidence attests to the increased rates of pneumonia in immunocompromised individuals prior to the use of ART, there have been clear reductions over recent years. HIV-infected populations have high rates of smoking and comorbid respiratory pathologies but current data suggest that HIV infection remains an independent risk factor for CAP. At present it is not known whether HIV-infected individuals will have an increased susceptibility to new respiratory pathogens such as MERS-CoV.
The management and outcome of pneumonia in HIVinfected individuals does not appear to differ from those in HIV-uninfected persons. Several interventions can be made that have been shown to reduce this risk; these include: the use of ART and achievement of an undetectable plasma HIV load, smoking cessation, and the uptake of the pneumococcal and influenza immunizations, which international guidelines recommend for HIV-infected individuals.
Despite an increasing knowledge base there continues to be uncertainty regarding the degree of increased risk of pneumonia in HIV-infected individuals and the best option to reduce this. Smoking cessation is of importance, and evidence is required as to the best immunization strategy for this population.
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